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I
T is well recognized that hypertensive patients with diabetes have more than double the frequency of heart disease seen in normotensive diabetic patients' and that blood pressure control over long periods of time delays or prevents many vascular complications. 2 In hypertensive nondiabetic patients the reduction of diastolic pressure under 90 mm Hg reduces morbidity and mortality, 3 and there is evidence that the same holds true for hypertensive diabetic persons. It has been shown that early and aggressive treatment of hypertension reduces albuminuria in type I diabetic nephropathy. 4 Treatment of hypertension in diabetic patients is generally the same as in nondiabetic patients, and the recommendations reported by the Joint National Committee on Detection, Evaluation, and Treatment of High Blood Pressure pertain equally to both. 5 Some modifications may be necessary, however, as first-line hypotensive drugs such as diuretics or beta blockers have side effects that may alter glucose control. The exact mechanism by which thiazide diuretics may worsen glucose tolerance is not completely understood, but postulations include either an inhibition of insulin secretion 6 or diminished sensitivity to insulin. 7 Moreover, insulin secretion may be decreased by thiazide-induced hypokalemia per se, 8 9 with a defect in beta cell responsiveness to glucose stimulus. It is interesting that hypokalemia appears to interfere with the conversion of proinsulin to insulin in the beta cell, so that larger amounts of the less active proinsulin are released in the blood. Correction of thiazide-induced hypokalemia has been shown to improve glucose tolerance. 10 The use of beta blockers in hypertensive diabetic patients also poses problems because it seems possible that they may mask an hypoglycemic reaction or prolong the recovery phase from a hypoglycemic episode through suppression of the response of the counterregulatory hormones. Attempts to avoid these untoward effects by using selective beta, blockers such as acebutolol or atenolol have been inconclusive," and it has been reported that metoprolol does not change glucose tolerance in hypertensive diabetic patients. 12 The search for a better diuretic with milder side effects led to the synthesis of indapamide, a derivative of thiazide-type diuretics in which the introduction of a methyl indoline substituent makes the molecule highly lipophilic, with greater affinity for vascular smooth muscle and a direct prevailing vasodilating effect with respect to the retained diuretic action. The vascular action of indapamide has been clearly documented as inhibition of the vascular response to norepinephrine, 16 and in humans. n The reduction in vascular reactivity may be due to inhibition of transmembrane calcium influx.' 8 We evaluated the effects of indapamide in a series of patients with non-insulin-dependent diabetes and mild to moderate hypertension to verify the efficacy of indapamide and its possible side effects, particularly on glucose metabolism.
Materials and Methods
The 20 ambulatory patients studied (8 men, 12 women; mean age 55.85 ± 7.54 [SD], range 47-75 years) had a diagnosis of non-insulin-dependent diabetes according to specifications of the National Diabetes Data Group." They were being treated with glibenclamide (5-15 mg/day) or diet alone. They also had arterial hypertension of mild to moderate degree demonstrated by supine diastolic arterial pressure between 95 and 115 mm Hg. None was markedly obese and none had significant renal, hepatic, or neurological diseases.
After a 15-day washout period of all hypotensive drugs given previously, the patients received indapamide, 2.5 mg per day, in a single dose in the morning for 24 weeks. Blood pressure was measured by a standard mercury sphygmomanometer according to the directive of the American Heart Association. 20 The averages of three supine and three subsequent standing blood pressure readings were recorded. The efficacy of treatment was evaluated monthly in terms of changes in baseline values in both supine and standing systolic and diastolic pressures. Before, during, and after the study period, basal glycemia, 2-hour postprandial glycemia, glycosylated hemoglobin, serum sodium, potassium, chloride, calcium, and uric acid were evaluated. Stable glycosylated hemoglobin was evaluated by a microcolumn method as fast hemoglobins measuring HbA IA+B+c (Boehringer, Mannheim, West Germany). Removal of labile glycosylated hemoglobin was obtained by incubating red blood cells for 6 hours at 37 °C in 0.9% saline solution prior to chromatography. 21 The intraassay and interassay coefficients of variation were 5.8 and 9.8% respectively. Statistical analysis was performed by the paired t test.
Results
Indapamide 2.5 mg daily for 24 weeks induced a stable reduction of both systolic and diastolic blood pressure values in supine and standing positions in non-insulin-dependent diabetic patients (Figure 1) . The antihypertensive effect of indapamide was prompt and statistically significant (p < 0.001) after the first month of therapy and persisted for the entire treatment period. Fasting glycemia, 2-hour postprandial glycemia, and glycosylated hemoglobin were not significantly affected during treatment (Figures 2 and 3 ). Baseline and 6-month values ( ± SEM) for fasting glycemia (FG), postprandial glycemia (PG), and glycosylated hemoglobin (HbA,) were as follows: FG, 152.33 
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Discussion
It is widely known that antihypertensive treatment in patients with diabetes mellitus should be carried out with caution. After the first report on an antihypertensive effect of thiazide diuretics, it was soon pointed out that diuretics may have a diabetogenic action 22 ' n and may unmask a diabetic condition or aggravate preexisting diabetes, particularly in the elderly in whom progressive deterioration of carbohydrate metabolism occurs. 24 In our study we evaluated the effect of indapamide, a new thiazide derivative in which the introduction of a methyl-indoline substituent gives the drug highly lipophilic properties with a direct vascular effect. While at a dose of 5 mg/day and above indapamide retains major diuretic properties, the 2.5-mg/day dose may have a modest diuretic effect and a prevailing vasodilating action, possibly with fewer side effects than the classic thiazide diuretics. In our series of patients with noninsulin-dependent diabetes, prompt and stable reduction of systolic and diastolic pressures was obtained without deterioration of glucose metabolism.
No significant modifications of fasting glycemia, postprandial glycemia, and glycosylated hemoglobin were observed. Our results confirm those of Roux et al.," who were not able to demonstrate any deterioration of glucose control in a series of insulin-and noninsulin-dependent diabetic persons treated with indapamide, 2.5 mg daily.
No significant modifications of serum sodium, potassium, chloride, calcium, and uric acid were observed in our patients. Many previous works showed that hypokalemia is absent or minimal during treatment with 2.5 mg/day of indapamide. 26 " 28 A dosedependent increase in natriuresis and kaliuresis was demonstrated by Caruso et al., 29 and occurred also with 2.5 mg/day. The minimal action of indapamide on serum potassium is particularly beneficial in hypertensive diabetic patients in whom hypokalemia may suppress insulin release 6 with subsequent carbohydrate intolerance.
In summary, within the limits of an open study, it seems from our results that indapamide is an effective and safe treatment for hypertension in patients with non-insulin-dependent diabetes, and causes no significant alterations on glucose metabolism. Before definite conclusions can be drawn, however, further controlled studies are necessary to verify the safety of the drug for longer periods of time with respect to glucose control. 
